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Abstract
The recently proposed two families of strongly intensive measures of fluctuations and correlations
are studied within Hadron-String-Dynamics (HSD) transport approach to nucleus-nucleus collisions.
We consider the measures ∆Kpi and ΣKpi for kaon and pion multiplicities in Au+Au collisions in a wide
range of collision energies and centralities. These strongly intensive measures appear to cancel the
participant number fluctuations. This allows to enlarge the centrality window in the analysis of event-
by-event fluctuations up to at least of 10% most central collisions. We also present a comparison of
the HSD results with the data of NA49 and STAR collaborations. The HSD describes ΣKpi reasonably
well. However, the HSD results depend monotonously on collision energy and do not reproduce the
bump-deep structure of ∆Kpi observed from the NA49 data in the region of the center of mass energy
of nucleon pair
√
sNN = 8÷ 12 GeV. This fact deserves further studies. The origin of this ‘structure’
is not connected with simple geometrical or limited acceptance effects, as these effects are taken into
account in the HSD simulations.
PACS numbers: 12.40.-y, 12.40.Ee
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I. INTRODUCTION
A possibility to observe signatures of the critical point of QCD matter inspired the energy
and system size scan programs of the NA61 collaboration at the SPS CERN [1] and the low
energy scan program of STAR and PHENIX collaborations at the RHIC BNL [2]. These
experimental studies focus on the event-by-event (e-by-e) fluctuation measurements in nucleus-
nucleus (A+A) collisions. One should compare the fluctuation properties of hadrons produced
in collisions of different nuclei at different collision energies. In these reactions the average
sizes of the created physical systems and their e-by-e fluctuations are rather different [3]. The
fluctuations of the system volume strongly affect the observed hadron fluctuations, i.e. the
measured hadron fluctuations do not describe the physical properties of the system but rather
reflect the system size fluctuations. In A+A collisions with different centralities a system volume
is indeed changed significantly from interaction to interaction. These event-by-event volume
variations of the produced matter are usually out of the experimental control.
We recall that extensive quantities are proportional to the system volume V , whereas in-
tensive quantities do not. They are used to describe the local properties of a physical system.
In particular, an equation of state of the matter is usually formulated in terms of the intensive
physical quantities, e.g., the pressure is considered as a function of temperature and chemical
potentials.
In statistical physics a mean value 〈N〉 of a fluctuating number of particles is an extensive
quantity, i.e., 〈N〉 ∝ V , whereas the ratio of mean multiplicities of two different particle types
is an intensive quantity. If local properties of the system remain unchanged1, this ratio does not
depend on the average size of the system and of its fluctuations. Particle number fluctuations are
quantified by the variance, Var(N) = 〈N2〉− 〈N〉2, which is an extensive quantity in statistical
models, while the scaled variance, ωN = [〈N2〉 − 〈N〉2]/〈N〉, is an intensive one. However, the
scaled variance being an intensive quantity depends on the system size fluctuations.
In the event-by-event analysis of A+A collisions the number of nucleon participants Npart
and the scaled variance of its fluctuations ωpart play the same role as the volume and volume
1 This is approximately valid in a wide range of centralities, and violated only for very peripheral collision
events [4].
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fluctuations in statistical models. For example, the fluctuations of nucleon participants strongly
contribute to the scaled variances of charged particles [5], pions and kaons [3]. To avoid these
unnecessary contributions one needs to make a very rigid centrality selection. The analysis of
the scaled variances has to be limited to about 1% most central events only (see, e.g., Ref. [6]).
This causes two problems. First, there are technical problems with a strict centrality selection.
Second, for a more rigid centrality trigger one evidently loses the number of collision events
and thus needs to enlarge strongly the total event statistics.
The analysis of fluctuations of hadron production properties in collisions of relativistic nuclei
may profit from the use of measurable intensive quantities which are independent of both the
average size of the system and of the size variations. Two families of these quantities – referred
to as strongly intensive ones – have been recently proposed in Ref. [7]. In the present study
we consider the properties of these strongly intensive measures for particle number fluctuations
in A+A collisions within the Hadron-String-Dynamics (HSD) transport approach [8]. We use
HSD as it describes well the particle spectra in heavy ion experiments. The large fluctuations
of nucleon participants number is under theoretical control. Within the HSD simulations we
can estimate and separate these unnecessary fluctuations. Besides, we can check whether these
system size fluctuations are really cancelled out in strongly intensive measures.
The strongly intensive measures ∆AB and ΣAB [7] can be defined for two arbitrary extensive
quantities A and B. To be specific we consider the total hadron multiplicities of charged kaons
K = K+ +K− and pions2 pi = pi+ + pi− :
∆Kpi =
1
〈K〉+ 〈pi〉
[ 〈pi〉 ωK − 〈K〉 ωpi ] , (1)
ΣKpi =
1
〈K〉+ 〈pi〉
[ 〈pi〉 ωK + 〈K〉 ωpi − 2 (〈Kpi〉 − 〈K〉〈pi〉) ] , (2)
where
ωK ≡ 〈K
2〉 − 〈K〉2
〈K〉 , ωpi =
〈pi2〉 − 〈pi〉2
〈pi〉 (3)
are the scaled variances of the K and pi fluctuations.
2 Another pair of extensive quantities – particle multiplicity and sum of their transverse momenta modules –
within the UrQMD transport model have been recently discussed in Ref. [9]
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The paper is organized as follows. In Section II we consider the properties of different
fluctuation measures within the model of independent sources. Section III presents the HSD
results in A+A collisions. In Section IV a comparison of the HSD results with the available
data is presented. A summary in Section V closes the article.
II. MODEL OF INDEPENDENT SOURCES
It is instructive to start from the model of independent sources (MIS) for multi-particle
production in A+A collisions. The number of sources in this model changes from event to
event. However, the sources are assumed to be statistically identical (i.e., the average properties
of all sources are the same) and independent (i.e., there are no correlations between hadrons
produced from different sources). The first and the most popular example of the model of
independent sources is the Wounded Nucleon Model [12]. In this model, one assumes that
A+A collision can be treated as a superposition of independent contributions from each of
Npart nucleon participants. For example, the kaon and pion multiplicities are the following:
K = K1 +K2 + . . .+KNpart , pi = pi1 + pi2 + . . .+ piNpart . (4)
The average multiplicities from each source are equal:
〈K1〉 = 〈K2〉 = . . . = 〈KNpart〉 ≡ nK , 〈pi1〉 = 〈pi2〉 = . . . = 〈piNpart〉 ≡ npi . (5)
Thus, the e-by-e averages of final hadron multiplicities can be obtained as:
〈K〉 =
∑
Npart
P (Npart)
Npart∑
j=1
〈Kj〉 =
∑
Npart
P (Npart)nK Npart = nK · 〈Npart〉 , (6)
〈pi〉 =
∑
Npart
P (Npart)
Npart∑
j=1
〈pij〉 =
∑
Npart
P (Npart)npiNpart = npi · 〈Npart〉 , (7)
where 〈Npart〉 is the average number of nucleon participants (i.e., wounded nucleons). The
quantities nK and npi in Eqs. (6,7) are the average multiplicities per one nucleon participant.
For the second moment of kaon multiplicity distributions one obtains:
〈K2〉 =
∑
Npart
P (Npart) 〈
(
Npart∑
i=1
Ki
)2
〉 =
∑
Npart
P (Npart)

Npart∑
i=1
〈K2i 〉+
∑
16=i<j≤Npart
〈KiKj〉

 . (8)
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The right hand side of Eq. (8) is a sum of the N2part terms 〈KiKj〉. The number of terms with
i = j is Npart, and the number of ones with i 6= j is N2part − Npart. The different sources are
assumed to be statistically identical, i.e. the second moments of kaon number distributions
from the different sources are equal to each other:
〈K2i 〉 = 〈K21〉 , (9)
with i = 2, . . . , Npart. The different sources are also assumed to be independent, i.e. the
kaon-pion pairs emitted by different sources are uncorrelated. This gives for i 6= j:
〈KiKj〉 = 〈Ki〉〈Kj〉 = n2K . (10)
From the above equations one finds:
〈K2〉 = 〈K21 〉 〈Npart〉 + n2K
[
〈N2part〉 − 〈Npart〉
]
. (11)
Similarly, one obtains for pions:
〈pi2〉 = 〈pi21〉 〈Npart〉 + n2pi
[
〈N2part〉 − 〈Npart〉
]
. (12)
For the kaon-pion correlations one finds
〈Kipii〉 = 〈K1pi1〉 (13)
for i = 2, . . . , Npart, and
〈Kipij〉 = nK npi (14)
for i 6= j. It then follows:
〈Kpi〉 = 〈K1pi1〉 〈Npart〉 + nK npi
[
〈N2part〉 − 〈Npart〉
]
. (15)
The scaled variances for the production of kaons and pions in MIS are then presented as:
ωK = ω
∗
K + nK ωpart , ωpi = ω
∗
pi + npi ωpart , (16)
where ω∗K and ω
∗
pi are, respectively, the scaled variances of kaons and pions from one source,
ω∗K =
〈K21〉 − 〈K1〉2
〈K1〉 , ω
∗
pi =
〈pi21〉 − 〈pi1〉2
〈pi1〉 , (17)
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and ωpart is the scaled variance of e-by-e fluctuations of the number of nucleon participants,
ωpart =
〈N2part〉 − 〈Npart〉2
〈Npart〉 . (18)
Similar to Eq. (16) one finds within MIS,
〈K pi〉 − 〈K〉 〈pi〉
〈K + pi〉 =
ρ∗Kpi
nK + npi
+
nK npi
nK + npi
ωpart , (19)
where
ρ∗Kpi ≡ 〈K1pi1〉 − 〈K1〉 〈pi1〉 (20)
describes the correlations between K and pi numbers in one source.
In MIS, the scaled variances ωK and ωpi (16) are independent of the average number of
nucleon participants 〈Npart〉. Thus, ωK and ωpi are intensive quantities. However, they depend
on the fluctuations of the number of nucleon participants via ωpart and, therefore, they are not
strongly intensive quantities. From above formulas it follows that both measures ∆ (1) and Σ
(2) are strongly intensive quantities within the MIS, i.e. they are independent of 〈Npart〉 and
of ωpart :
∆Kpi =
1
nK + npi
[ npi ω
∗
K − nK ω∗pi ] , (21)
ΣKpi =
1
nK + npi
[ npi ω
∗
K + nK ω
∗
pi − 2ρ∗Kpi ] . (22)
The contributions from nuclear participants can be obtained from nucleon-nucleon collisions
which should be considered as the properly weighted sum of p+p, p+n, and n+n interac-
tions [13]. At high SPS and RHIC energies the results in nucleon-nucleon collisions are close to
those in p+p collisions. Thus, in the above equations one may approximate the MIS quantities
with the results of p+p inelastic interactions at the same collision energy per nucleon. Inelastic
p+p collisions might be understood within MIS as the system with Npart = 2 and ωpart = 0. It
then follows:
nK ∼= 1
2
〈K〉pp , npi ∼= 1
2
〈pi〉pp , ρ∗Kpi ∼=
1
2
[〈K pi〉pp − 〈K〉pp 〈pi〉pp] , (23)
ω∗K
∼= 〈K
2〉pp − 〈K〉2pp
〈K〉pp , ω
∗
pi
∼= 〈pi
2〉pp − 〈pi〉2pp
〈pi〉pp , (24)
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i.e., particle multiplicities nK and npi, and K-pi-correlations ρ
∗
Kpi from one source are equal to
one half of those values in p+p collisions, whereas the scaled variances ω∗K and ω
∗
pi for one source
coincide with the corresponding scaled variances in p+p collisions.
Another interpretation of MIS can be obtained in terms of the statistical mechanics. One
may assume that the matter created in A+A collisions at different centralities corresponds
to systems in statistical equilibrium with the same temperature and chemical potentials, but
with a volume varying from event to event. It is also natural to assume that the volume is
proportional to the number of nucleon participants V ∝ Npart. One then finds [7] within the
grand canonical ensemble formulation a validity of Eqs. (21) and (22). In this case, the hadron
multiplicities nK and npi, scaled variances ω
∗
K and ω
∗
pi, and correlation ρ
∗
Kpi should be found
as the corresponding quantities at fixed volume (i.e., at fixed Npart). The transport model
calculations demonstrate [3] that the e-by-e fluctuations of the number of participants become
negligible in the sample of most central A+A collisions, e.g., one finds ωpart ≪ 1 in Pb+Pb (or
Au+Au) collisions with impact parameter equal to zero, b = 0. Therefore, one may define the
parameters of MIS as:
nK =
〈K〉b=0
〈Npart〉b=0 , npi =
〈pi〉b=0
〈Npart〉b=0 , ρ
∗
Kpi
∼= 〈K pi〉b=0 − 〈K〉b=0 〈pi〉b=0〈Npart〉b=0 , (25)
ω∗pi
∼= ωpi(b = 0) , ω∗K ∼= ωK(b = 0) , (26)
i.e., particle multiplicities nK and npi, and K-pi-correlations ρ
∗
Kpi are equal to the results in A+A
collisions with zero impact parameter divided by the average number of nucleon participants at
b = 0. On the other hand, the scaled variances ω∗K and ω
∗
pi entering in MIS results just coincide
with the corresponding scaled variances in A+A collisions at b = 0.
Another quantity frequently used to characterize the fluctuations of K and pi particle num-
bers is [11]:
νKpidyn ≡
〈K(K − 1)〉
〈K〉2 +
〈pi(pi − 1)〉
〈pi〉2 − 2
〈Kpi〉
〈K〉〈pi〉 . (27)
One can easily find the relation:
νKpidyn =
〈K + pi〉
〈K〉〈pi〉
[
ΣKpi − 1] . (28)
Equation (28) shows that νABdyn , similar to Σ
AB, is independent of fluctuations of the number
of participants, but it decreases as νABdyn ∝ 〈Npart〉−1 and, thus, it is not an intensive quantity.
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We prefer to use the strongly intensive quantities and will compare the HSD results with the
data on νdyn but recalculated in Σ according to Eq. (28).
III. THE RESULTS OF HADRON-STRING-DYNAMICS
In order to study the properties of strongly intensive measures (1) and (2) we calculate the
fluctuations of kaon and pion numbers with the HSD transport approach [8]. First, we consider
the centrality dependence in A+A collisions. The HSD results in Au+Au collisions at the
center of mass energy of the nucleon pair
√
sNN = 7.7 GeV (Elab ≃ 30 AGeV) are presented in
Fig. 1.
The collision energy is chosen in the region where the NA49 Collaboration observes the horn
structure [14]. The squares and circles show the HSD results for pions and kaons, respectively,
at different impact parameters b. The stars present the HSD results for ωpart (18) which
correspond to the fluctuation of the number of nucleon participants. The lines are the results
of the MIS. We consider two version of MIS based on Eqs. (23,24) and Eqs. (25,26), respectively,
as discussed in the previous section. The parameters npi, nK , ω
∗
pi, ω
∗
K , and ρ
∗
Kpi are thus taken
from the results of p+p collisions (23,24) and from the HSD results at b = 0 (25,26). These MIS
results will be denoted as MIS(pp) and MIS(b = 0), respectively. The MIS(b = 0) calculations
assume that ωpart ∼= 0 at b = 0. This is indeed supported by the HSD results presented in
Fig. 1(b). The MIS parameters (23,24) or (25,26) are then used at all impact parameters b.
The average number of participants 〈Npart〉 and its fluctuations ωpart are found for different
values of b ≥ 0 from the HSD simulations. Fig. 1(a) demonstrates the ratios 〈pi〉/〈Npart〉 and
〈K〉/〈Npart〉 as functions of b. One observes a slight decrease of pion and kaon multiplicities per
participating nucleon with increasing b. On the other hand, the fluctuations of Npart strongly
increase with b as seen from Fig. 1(b). Thus according to the MIS formula (16) one may
expect an increase of ωK(b) and ωpi(b) as functions of b. This is indeed observed in Fig. 1(c)
and Fig. 1(d). The MIS lines in Fig. 1(c) and (d) give a correct qualitative description of the
HSD results for the pion and kaon multiplicity fluctuations at different centralities in Au+Au
collisions (more details on the connection of the model of independent sources and HSD results
for the e-by-e fluctuations can be found in Ref. [3]). Note that the results of MIS(pp) and
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FIG. 1: The symbols correspond to the HSD results at different impact parameter b in Au+Au
collisions at
√
sNN = 7.7 GeV. (a): The HSD ratio of pion and kaon multiplicities to the average
number of participants. Note that 〈K〉/〈Npart〉 is multiplied by a factor of 7. (b): The scaled variance
ωpart. (c): The scaled variance ωpi. (d): The scaled variance ωK . The solid and dotted lines in (c)
and (d) show the MIS(b = 0) and MIS(pp) results, respectively.
MIS(b = 0) are rather close to each other. As the parameters (25,26) are fixed according to the
HSD at b = 0, the MIS(b = 0) lines coincide, by construction, with the HSD results at b = 0.
The b-dependence of the MIS results is fully defined by the b-dependence of 〈Npart〉 and ωpart.
Consequently, one may conclude that a strong rise in the scaled variances ωpi and ωK with b
seen in Fig. 1(c) and Fig. 1(d) is caused by an increase of the e-by-e fluctuations of Npart with
increasing b.
The participant number fluctuations are, however, cancelled out in the strongly intensive
measures. Therefore, ∆Kpi (1) and ΣKpi (2) demonstrate only a very weak b-dependence as seen
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FIG. 2: The strongly intensive measures ∆Kpi (circles) and ΣKpi (squares). The symbols correspond
to the HSD results for Au+Au collisions at
√
sNN = 7.7 GeV. The horizontal solid lines show the
MIS(b = 0) results for ∆Kpi and ΣKpi. The horizontal dotted lines show the MIS(pp) results. The
lower lines correspond to ∆Kpi and the upper lines to ΣKpi.
in Fig. 2. Note that the MIS results (21,22) do not depend on 〈Npart〉 and on ωpart. Therefore,
the MIS results correspond to the values of Σ and ∆ which are independent of impact parameter
b. These MIS results are presented by the horizontal lines in Fig. 2.
The results presented in Figs. 1 and 2 remain qualitatively the same at higher collision
energies. In Fig. 3 and 4 we present the corresponding results in Au+Au collisions at the highest
RHIC energy
√
sNN = 200 GeV. The kaon 〈K〉/〈Npart〉 and pion 〈pi〉/〈Npart〉 multiplicities per
participating nucleon increase with collision energy. As seen from Fig. 3(a), these values at
√
sNN = 200 GeV are approximately 5 and 10 times larger than the corresponding values at
√
sNN = 7.7 GeV presented in Fig. 1(a). The MIS thus predicts a much stronger increase of
ωK and ωpi with b at high collision energy. The HSD results presented in Figs. 3(c) and 3(d)
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FIG. 3: The same as in Fig. 1 but for
√
sNN = 200 GeV.
support these expectations. One observes also an increase of ω∗K and ω
∗
pi with
√
sNN reported
earlier in Ref. [13].
The results presented in Fig. 1 and Fig. 3 lead to the conclusion that the fluctuation mea-
sures ωpi and ωK are useless for the samples of A+A collision events within wide centrality
windows because of large fluctuations of the number of participants. For example, in a sample
of minimum bias A+A collision events one would obtain very large values of the scaled vari-
ances ωK and ωpi. However, the dominant contributions to these values of the scaled variances
come evidently from the participant number fluctuations. Indeed, the HSD results correspond
to a huge value of ωpart ≈ 100 in a sample of the minimum bias Au+Au (or Pb+Pb) collisions.
Thus, for ith hadron species (e.g., i = pi,K) very large contributions niωpart come to ωi. These
contributions increase with collision energies due to an increase of ni. On the other hand, the
contributions of participant number fluctuations are approximately cancelled out in (1) and (2),
and the strongly intensive measures ∆ and Σ are expected to remain close to their numerical
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FIG. 4: The same as in Fig. 2 but for
√
sNN = 200 GeV.
values at b = 0. This expectation is supported by the HSD results presented in Figs. 2 and 4.
As a further test we perform the HSD simulations in Au+Au collisions at different collision
energies for b ≤ 4 fm . This requirement corresponds approximately to 10% of the most central
collisions. For the sample of collision events with b ≤ 4 fm, the dependence on collision energy of
relative multiplicities 〈pi〉/〈Npart〉 and 〈K〉〈Npart〉, and scaled variance ωpart is shown in Fig. 5(a)
and 5(b), respectively. In Fig. 6 the HSD results are presented for the scaled variances of ωK
and ωpi as a function of the collision energy
√
sNN . The calculations in Au+Au collisions for
b ≤ 4 fm are compared to those for b = 0 and to the results of MIS. The main features of the
results for the scaled variances ωpi and ωK presented in Fig. 6 can be summarized as follows:
An averaging over Au+Au collision events with b ≤ 4 fm leads to very strong increase of ωpi
and ωK in a comparison to their values at b = 0. For example, at
√
sNN = 200 GeV the scaled
variance ωpi for b ≤ 4 fm is higher than ωpi for b = 0 by approximately a factor of 10. As seen
from Fig. 6, the MIS results explain only a part of this increase.
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FIG. 5: The HSD results in Au+Au collisions for b ≤ 4 fm as a function of the center of mass energy
per nucleon pair
√
sNN . (a): The values of relative particle multiplicities per participating nucleon
〈K〉/〈Npart〉 and 〈pi〉/〈Npart〉. Note that 〈K〉/〈Npart〉 is multiplied by a factor of 7. (b): The scaled
variances ωpart.
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FIG. 6: The HSD results for the scaled variances ωpi (a) and ωK (b) in Au+Au collisions at b = 0
(open symbols) and at b ≤ 4 fm (full symbols). The solid and dotted lines show the MIS(b = 0) and
MIS(pp) results, respectively.
The contributions from participant number fluctuations are quite strong in the sample of
Au+Au collision events with b ≤ 4 fm. These contributions are, however, cancelled out in the
strongly intensive measures ∆Kpi (1) and ΣKpi (2). These measures for the sample b ≤ 4 fm
remain close to their numerical values at b = 0. This is shown in Fig. 7. Note that the
MIS(b = 0) results for ∆Kpi and ΣKpi in the sample of b ≤ 4 fm are identical to those at b = 0.
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FIG. 7: The HSD results for the strongly intensive measures ∆Kpi and ΣKpi in Au+Au collisions at
b = 0 (open symbols) and at b ≤ 4 fm (full symbols). The lower and upper dotted lines show the
MIS(pp) results for ∆Kpi and ΣKpi, respectively.
Therefore, only the p+p HSD results are presented in Fig. 7 by the dotted lines. Figure 7(b)
shows that ΣKpi(b ≤ 4 fm) ∼= ΣKpi(b = 0). On the other hand, an increase of about 30% at the
highest RHIC energy
√
sNN = 200 GeV is seen in Fig. 7(a) for ∆
Kpi for the sample of b ≤ 4 fm
in comparison to that at b = 0 .
IV. COMPARISON TO THE NA49 AND STAR DATA
In this section we present a comparison of the HSD results for the strongly intensive measures
∆Kpi and ΣKpi with existing data on e-by-e fluctuations.
Recently the NA49 Collaboration published the data on mean multiplicities, correlations and
fluctuations of pions, kaons and protons in Pb+Pb collisions [15]. From these data we are able
to construct the fluctuation measure ∆Kpi and ΣKpi. The STAR Collaboration has published
only the data for νdyn [16] in Au+Au collisions. We manage to recalculate them into Σ values
using Eq. (28) and the preliminary data on mean multiplicities of kaons and pions [17].
The results for ∆Kpi in the SPS energy region are presented in Fig. 8. The squares present
the NA49 results for 3.5% most central Pb+Pb collisions. One can see that the NA49 data
for ∆Kpi show a non-monotonous behavior with a bump at
√
sNN = 8.8 GeV and a deep at
√
sNN = 12.3 GeV. The NA49 Collaboration did not yet publish the error-bars for the first
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FIG. 8: The squares are the NA49 data for ∆Kpi for 3.5% most central Pb+Pb collisions. The solid,
dashed, and dotted lines show the HSD results in Au+Au collisions at b ≤ 3fm within the NA49,
STAR, and full 4pi acceptances, respectively.
and second moments of K and pi multiplicity distributions. Therefore, it is difficult to conclude
whether the non-monotonous structure in ∆Kpi has a real statistical significance. However,
this potential irregularity happens in the energy range where other signals of unusual behavior
(kink, horn, step) were observed by the NA49 Collaboration [14]. It would be interesting to see
the STAR data for ∆Kpi in this energy range.
The results for ΣKpi are presented in Fig. 9. The squares correspond to the NA49 data and
the stars to the STAR data. The available error-bars for νKpidyn can be used for a rough estimate
of the error-bars for ΣKpi. These error-bars seem to be quite small and comparable with the
size of the star-symbols in Fig. 9.
The NA49 and STAR Collaborations have different colliding nuclei (Pb+Pb and Au+Au,
respectively), different acceptances and different centralities (3.5% and 5% most central colli-
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FIG. 9: The squares are the NA49 data for ΣKpi for 3.5% most central Pb+Pb collisions, and the stars
are the STAR data for 5% most central Au+Au collisions. The solid, dashed, and dotted lines show
the HSD results in Au+Au collisions at b ≤ 3fm within the NA49, STAR, and full 4pi acceptances,
respectively.
sions, respectively). We restrict our HSD simulations to impact parameters b ≤ 3 in Au+Au
collisions. This corresponds approximately to 5% most central events. We use this centrality
criterion for both NA49 and STAR data, as the quantities ∆Kpi and ΣKpi are only weakly depen-
dent on centrality selection. However, we take into account the exact experimental acceptances
which are different for the NA49 and STAR data. In Figs. 8 and 9 the HSD results are shown
by the solid and dashed lines for the NA49 and STAR acceptances, respectively. The HSD
results in the full 4pi-acceptance are shown by the dotted lines. A presence of the dashed lines
in Figs. 8 and 9 helps to estimate the effects of the limited acceptances in NA49 and STAR
experiments.
As seen in Figs. 8 and 9 the HSD results correspond to higher values of ∆Kpi and ΣKpi
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than their experimental estimates. This is especially seen for ∆Kpi. The HSD results depend
monotonously on collision energy and can not explain the bump(deep) in the NA49 data for
∆Kpi. Therefore, the origin of this ‘bump’ (if it will survive in future measurements) is not
connected with simple geometrical or limited acceptance effects, as these effects are taken into
account in the HSD simulations.
V. SUMMARY
The recently proposed two families of strongly intensive measures of fluctuations and corre-
lations are studied within the HSD transport approach to nucleus-nucleus collisions. We test
the measures ∆Kpi (1) and ΣKpi (2) for the fluctuations of kaon and pion numbers in Au+Au
collisions at different collision energies and different centralities.
The conventional measures like scaled variances ωK and ωpi become useless for wide central-
ity samples because of the dominant contribution from the participant number fluctuations.
This fact required a very rigid centrality selection like 1% most central Pb+Pb collision events
in Ref. [6]. The other popular measure, νdyn, is independent of participant number fluctua-
tions, but depends on the average number of participants. Therefore, νdyn is inconvenient for
comparison of p+p and Au+Au collisions as well as for the search for the QCD critical point
by system size scan program of NA61 Collaboration at the CERN SPS.
The quantities ∆Kpi and ΣKpi appear to be useful measures of chemical fluctuations in the
wide centrality samples of collision events. In the sample of 10% most central Au+Au collision
events we find that ∆Kpi is slightly larger than that at b = 0, and ΣKpi is approximately equal
to its value at zero impact parameter b = 0. This makes ∆Kpi and ΣKpi rather helpful in studies
of event-by-event fluctuations in nucleus-nucleus collisions. Combining existing experimental
data of NA49 and STAR Collaborations on K-pi fluctuations and correlations we have obtained
∆Kpi and ΣKpi and compared them to the corresponding HSD calculations. The data on ΣKpi
depend monotonously on the collision energy, whereas ∆Kpi from the NA49 data has a little
bump(deep) in the region
√
sNN ∼= 8 ÷ 12 GeV, where other signals of irregular behavior of
physical quantities were previously reported [14]. The HSD describes ΣKpi reasonably well, but
does not reproduce the behavior of ∆Kpi. The data analyzed in the present paper correspond
17
to 3÷ 5% most cental collisions. This centrality window can be enlarged at least to 10% in the
future experimental studies using strongly intensive measures ∆Kpi and ΣKpi.
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